About 110 sporadic, epidemiologically unrelated Salmonella enterica serovar typhimurium strains isolated in the Slovak Republic were analyzed for the presence of integrons. Of these 110 examined strains, 47 were of definitive phage type DT104 and 63 were strains of various phage type, RDNC and untypeable, designated here as non-DT104 strains. All isolates were also tested for antimicrobial resistance to 10 antibiotics as well as for the presence of virulence plasmid. Of 63 non-DT104 strains, 15 isolates were multiple-resistant, independently from phage type, other strains were resistant to one, two or three drugs. Resistance to ampicillin, streptomycin, tetracycline and sulfisoxazole was most frequently observed. Among the DT104 isolates up 65.9% exhibited characteristic pentaresistance -ACSSuT phenotype. The integron content was studied in PCR experiments using a 5 0 -CS/3 0 -CS primer pair. Fourteen non-DT104 strains, independently from phage type, were found to carry integrons with amplicons 650-1900 bp in size. Thirty-six DT104 strains contained integrons of 1000 and 1200 bp and 31 of they exhibited the ACSSuT phenotype. No integron was found in 10 DT104 strains, which included strains mostly resistant only to streptomycin, tetracycline and sulfisoxazole. The majority of non-DT104 strains did not possess any integrons. Our findings show the widespread existence of both resistant and multiple-resistant epidemiologically unrelated Salmonella typhimurium strains and suggest that integrons contribute to this antimicrobial resistance. The presence of 90-kb virulence plasmid in the 54 non-DT104 and in the all DT104 strains was found.
Introduction
Food-borne Salmonella infections have become a major problem in most industrialized countries. Of particular concern is the increasing number of infections with antimicrobial drug-resistant Salmonella including the emergence of drug-resistant Salmonella enterica serovar typhimurium (Salmonella typhimurium) definitive phage type DT104. Since the early 1990s, this phage type has spread all over the world [1] [2] [3] [4] [5] [6] [7] [8] . This strain is typically resistant to five drugs: ampicillin, chloramphenicol, streptomycin, sulfonamides and tetracycline [2, [9] [10] [11] [12] . Bacterial resistance to an increasing number of antimicrobial agents is a well-established problem. Several mechanisms involving mobile genetic elements, such as plasmids and transposons, have been shown to contribute to the spread of this resistance [13, 14] . In the recent years a novel group of DNA elements able to incorporate antibiotic resistance genes by a site-specific recombination have been identified in Gram-negative bacteria. These elements have been termed integrons [15, 16] . They consist of resistance cassettes built in between two conservative segments (5 0 -CS and 3 0 -CS) [15, 17, 18] . The cassettes contain a resistance gene and so-called 59 bp element at its 3 0 end. The integrase encoded by an intI gene of 5 0 -CS builds in the cassettes by site-specific recombination [19] .
Four classes of integrons have now been described among clinical bacterial isolates. Class I have been shown to be the most prevalent in the clinical isolates of the family Enterobacteriaceae [20] , with particular focus on the multiresistant S. typhimurium DT104, as well as in non-DT104 strains and they can be found within transpons and be chromosome and /or plasmid located [21] [22] [23] [24] . In this work class I integrons were detected by a consensus sequence for PCR primer pair, intI-F (5 0 -GGC ATC CAA GCA GCA AGC-3 0 ) and intI-B (5 0 -AAG CAG ACT TGA CCT GAT-3 0 ), and PCR amplification was carried out as stated in Section 2.
The occurrence of DT104 strains in the Slovak Republic (SR) for the first time in 1997 was found. The most of DT104 strains from human sporadic cases were detected in 2003. Except for 10 strains, all were multidrug-resistant.
For other phage types of S. typhimurium the quantitative and qualitative characteristics of integrons are not precisely. Reports published so far differ as regards the chromosomal [2, 25] or plasmid [21] location of integrons.
The objective of this work was to identify the integron content of DT104 strains as well as non-DT104 strains of S. typhimurium from human origin.
Materials and methods

Salmonella strains
About 110 S. typhimurium strains were isolated from sporadic human cases with enteritis from different regions of the SR. All strains were serotyped at the Departments of Clinical Microbiology of Hospitals in the SR.
Phage typing
Phage typing was performed according to the method of Anderson et al. [26] 
Antibiotic susceptibility testing
The strains were tested for susceptibility to ampicillin, ceftriaxone, chloramphenicol, gentamicin, streptomycin, sulfisoxazole, tetracycline, ciprofloxacin, trimethoprim and trimethoprim-sulfamethoxazole by the disk agar diffusion method on Mueller-Hinton agar plates according to be standard procedure of NCCLS [27] . Escherichia coli ATCC 25922 was used as a reference strains. All antibiotic discs used were supplied by Oxoid (UK). The respective quantities (lg/disc) of the active compounds were: ampicillin 10 (A), ceftriaxone 30 (CRO), chloramphenicol 30 (C), gentamicin 10 (G), streptomycin 10 (S), sulfisoxazole 250 (Su), tetracycline 30 (T), ciprofloxacin 5 (Cip), trimethoprim 5 (TMP), trimethoprim-sulfamethoxazole 1.25/23.75 (SxT).
Plasmid profile
Plasmid DNA was isolated by the alkaline lysis technique of Birnboim and Doly [28] with the following modification. All strains were grown on blood agar plates at 37°C overnight. Inoculum of corn size was used for plasmid isolation. 7.7 M ammonium acetate was used for neutralization and the phenol-chloroform was omitted. Samples were analyzed by electrophoresis in 1· TBE buffer in 0.7% agarose gel. Plasmid sizes were determined according to the reference E. coli V517 strain, S. typhimurium LT2 strain and supercoiled DNA ladder (Gibco BLL, Paisley, UK).
PCR for integron of class I detection
For detection of class I integrons, primers whose sequences comprised the consensus sequences of class I integrons were used ( primers in int1-
. Amplification was carried out in 25-ll reaction mixture with a boiled bacterial suspension with 200 lM (each deoxynucleotide triphosphate, the primer pairs at concentrations (each) of 0.6 and 0.18 ll (0.36 U) of Taq DNA polymerase (Finnzymes, Finland). The temperature profile was: 94°C denaturation for 1 min, followed by 35 cycles of 94°C for 30 s with annealing at 56°C, then a 2 min extension step at 72°C.
Results
In contrast to countries of West Europe, the percentual participation of S. typhimurium strains in ethiology of salmonellosis in the SR in low and epidemiologically of little significance. The resistance and multiple-resistance to antimicrobial agents of this serovar is relevant.
Phage typing
Among the 110 sporadic isolates from humans were identified 12 PTs (Tables 1 and 2 ). DT104 included 47 (42.7%) of isolates. Other phage types, designated as non-DT104 represented the phage types DT6, DT12a, DT20a, DT37, DT41, DT67, DT68, DT99, DT120, DT125, DT193. Twenty of strains were untypeable (UT) and 12 strains reacted with typing phages but did not conform to designated phage types (RDNC).
Antibiotic resistance
The incidence of resistance (defined here as resistance to one or three drugs) and multiple-resistance (defined here as resistance to four or more drugs) of non-DT104 strains is presented in Table 1 . On the base of this criterion of 63 non-DT104 strains 15 strains were multiple-resistant, independently from phage type and one isolate was susceptible to all drugs tested. Among the DT104 isolates up 31 (65.9%) exhibited characteristic pentaresistance to -ampicillin (A), chloramphenicol (C), streptomycin 10 (S), sulfisoxazole (Su) and tetracycline (T) -ACSSuT (Table 2) . Additionally resistance to trimethoprim-sulfamethoxazole (SxT) of three isolates and to trimethoprim (TMP) of one isolate was found.
Plasmid analysis
Plasmid analysis of the 63 non-DT104 strains of S. typhimurium showed in 54 cases, the presence of the A, ampicillin; Cip, ciprofloxacin; G, gentamicin; C, chloramphenicol; S, streptomycin; T, tetracycline; Su, sulfisoxazole; SxT, trimethoprim-sulfamethoxazole; TMP, trimethoprim; RDNC, strains react with the typing phages but do not conform to designated phage types; UT, untypeable. serovar-specific virulence plasmid of 90 kb alone or in association with small cryptic plasmids ranging in size between 2.1 and 16 kb. Except of this serovar-specific plasmid of virulence in two strains the plasmid of 40 kb and one strain the plasmid of 35 kb were detected. The analysis of plasmids revealed totally XVIII different plasmid profiles among the non-DT104 isolates (Table  3) . Plasmid profiles of selected S. typhimurium isolates shows Fig. 1 . Six isolates had any plasmids. Only 90-kb serovar-specific plasmid of virulence was detected in 37 (78.7%) of DT104 strains and 10 isolates harbored this plasmid in association with other plasmids of different size (Table 4 , Fig. 1 ). Among these isolates totally VII plasmid profiles were found.
Integron content
The integron content of both 63 non-DT104 and 47 DT104 strains was studied in PCR method using a 5 0 -CS/3 0 -CS primer pair. The integrons with amplicons of 650-1900 bp were observed in the 14 non-DT104 strains, which included strains resistant to four or more drugs including S and A (Tables 5 and 6 ). Among 14 integron carriers, 13 were multidrug-resistant with 4-R-types. All integron carrier strains, independently of their phage types, proved to be resistant to S and Su.
Thirty and seven strains of DT104 were integron carriers (Tables 5 and 7) . Two integron PCR replicons of 1000 bp and 1200 bp in size contained 36 strains and 31 from them exhibited the pentaresistance phenotype. One strain DT104 with resistance phenotype ASSuT carried the amplicon only of 1200 bp. PCR amplicons of multidrug-resistant isolates representing different IPs can be seen inn Fig. 2 . No integron was found in 10 DT104 strains, which included strains mostly resistant only to streptomycin (S), tetracycline (T) or sulfisoxazole (Su) ( Table 7) .
Discussion
We analyzed a total of 110 human isolates of S. typhimurium from which 63 non-DT104 strains represented 12 PTs and 47 strains were identified as DT104 phage type. It is known that increasing incidence of multidrug-resistant strains of this serovar is widely dis- tributed in human and veterinary medicine [29] . Of non-DT104 strains exhibited multiple-resistance phenotype PTs DT193, DT120, DT12a and strains untypeable. The most frequent antimicrobial resistance among these strains was against to ampicillin, streptomycin, tetracycline, sulfisoxazole. The characteristic pentaresistance ACSSuT in 31 DT104 (65.9%) strains was found. Similarly other authors also described the DT104 strains with this pentaresistance as the most frequent [30] [31] [32] . Three of the isolates DT104 had resistance pattern ACSSuSxTT and one strain was resistant to ACSSuTTMP. None of the DT104 strains displayed resistance to fluoroquinolone-ciprofloxacin, however one strain of PT DT193 exhibited resistance to this antimicrobial. It has been recently demonstrated that the multidrugresistance of DT104 can be attributed to a chromosomal locus, in which two integrons contain the resistance cassette of streptomycin and of ampicillin [33] [34] [35] . The sulI gene responsible for sulfonamide resistance is located on the 3 0 -CS segment. The genes of chloramphenicol and tetracycline resistance are located in a Tn-like structure outside but close to two integrons [36, 37] .
The analysis of integrons in both DT104 and non-DT104 strains was the main subject of our study, since they contribute to maintaining multiple-antimicrobial resistance among human and animal isolates [8, 29, 32, 38, 39] . As was expected, the majority of DT104 strains 36 (76.6%) possessed two integrons PCR with amplicons of 1000 and 1200 bp in size. The pentaresistance phenotype exhibited 31 (86.1%) of these strains. Similar findings described White et al. [32] at investigation of 20 DT104 strains of animal origin. In the study of Gadó et al. [8] among 44 DT104 strains integrons one with amplicons of 1000 and 1200 bp possessed up 35 strains, from which 31 were multidrug-resistant. This combination of two integrons is characteristic for the genetically homogeneous S. typhimurium DT104 strain which has emerged to become the most common type of S. typhimurium isolate in several countries and is predominantly associated with resistance to multiple antibiotics. We failed to get any integron amplicons for 10 isolates, but these isolates were resistant against two or three antibiotics. The determination of resistance genes is in progress.
Of non-DT104 strains the integron PCR with amplicons of 650-1900 bp contained 14 multidrug-resistant strains. Amplicons of 1000 and 1200 bp in size were found in two non-DT104 strains from which one was resistant against ACSSuT and one only to SSu, but the majority of these strains did not possess any integrons even they were resistant to antimicrobials. Also in this case determination of resistance genes and subjection of both amplicons to sequencing is in progress. It is interesting to note that many of non-DT104 isolates were resistant to streptomycin, tetracycline and sulfisoxazole but did not possess integrons suggesting the presence of alternative mechanisms of this resistance. It is likely that these gene of resistance as located as cassettes but deletions in integron structures possibly prevent PCR amplification. According to Martinez-Freijo et al. [40] most isolates contain only a single integron, and two to three integrons are only rarely present, which correlate with our findings, when non-DT104 strains contained only one integron.
Hamada et al. [38] demonstrated the transferability of integron-mediated drug resistance in non-DT104 S. typhimurium and Salmonella infantis. The instability of integrons especially in the absence of selective pressure was suggested by Recchia et al. [41] and Seward and Towner [42] . In contrast, high stability was found among integrons of bacteria isolated from various European hospitals [40] . On the basis of examination of our DT104 and non-DT104 strains in the repeated experiments the contain of integrons in them proved to be stable. This fact may have a role in the spread of these strains in the SR.
As regards of results of plasmid analysis, it was found that all DT104 and non-DT104 (except of six non-DT104 strains) possess serovar-specific 90-kb virulence plasmid. This plasmid do not encode antibiotic resistance and is not self-transmissible [43, 44] , although a self-conjugative plasmid carrying the Salmonella plasmid virulence genes and encoding drug resistance has been identified in S. typhimurium phage type DT193 strain [2] . However, our strains possessed also other plasmids, in both groups any association between their presence and drug resistance did not observe, which correlates with findings of Poppe et al. [45] .
Our results involving the multidrug-resistance and content of the class I integrons suggest the rapid spread of both DT104-ACSSuT phenotype as well as of multidrug-resistant of non-DT104 strains in recent time in the SR. They possess a significant threat not only through the food-borne salmonellosis attributed to pork consumption but also through possibly the horizontal transfer of resistance determinants to commensal organisms of the human digestion tract or other pathogens of importance to human health.
